A new ansatz for quark and lepton mass matrices is proposed in the context of supersymmetric grand unified theories. The 13 parameters describing fermion masses and mixings are determined in terms of only 6 free parameters, allowing 7 testable predictions. The values of V us , V cb , V ub , m u , m d , m s , and m b are then predicted as a function of the 3 charged lepton masses, m c , m t , and tan β, the ratio of Higgs vacuum expectation values. In particular the Cabibbo angle and m s /m d are determined in terms of only lepton masses. All predictions are in very good agreement with experiments.
One of the main open problems in particle physics is the understanding of the quark and lepton mass matrices. In the Standard Model, the fermion masses and mixings are described by 13 free parameters. Attempts to compute these 13 phenomenological parameters within the framework of extensions of the Standard Model so far have not proven very successful. A less ambitious approach is to assume a particular form of the fermion mass matrices, which allows a description of the physical observables in terms of fewer parameters and which therefore makes some testable predictions. It is hoped that this ansatz hints at the necessary symmetries of the interactions responsible for fermion mass generation and then leads to the construction of a successful theory beyond the Standard Model.
In this paper, I will present a new ansatz for quark and lepton mass matrices which involves only 6 free parameters, leading to 7 testable predictions. I begin by defining the energy scale at which the ansatz holds. If the ansatz has anything to do with the symmetries of an underlying theory of fermion mass generation, then it should hold at the energy scale where the extended theory breaks down into the Standard Model. The subsequent running of the mass matrices from this energy scale to the weak scale, according to the renormalization group equations, may spoil the simplicity of the ansatz and hide its symmetry relations, but, it is hoped, provides the correct values of the fermion masses and mixings.
I will assume here that the underlying theory is some kind of Grand Unified Theory (GUT). Given the accurate measurements of α s and sin 2 θ W at LEP, it is now clear that the simplest way to achieve grand unification is to consider a supersymmetric particle spectrum [1] . I will therefore assume the minimal supersymmetric model below the GUT scale M X , and an unspecified GUT theory above M X . Here I closely follow the strategy proposed in ref. [2] , where a different ansatz , that of Georgi-Jarlskog [3] , is investigated.
Let us write the fermion mass terms, after spontaneous breaking of the electroweak symmetry, as:
where i, j = 1, 2, 3 are generation indices, tan β is the ratio of Higgs vacuum expectation values, and v = 246 GeV. The ansatz proposed here for the Yukawa couplings is that, at the scale M X , U, D, and E are Hermitian matrices of the form:
The relation between D and E is natural in GUT models where the down quarks and the charged leptons lie in the same multiplet. For instance, the coupling of a Higgs boson in the 5 of SU 5 (or 10 of SO 10 ) gives certain entries in the Yukawa coupling matrices of the form D ij = E ij , while a Higgs boson in the 45 of SU 5 (or 126 of SO 10 ) gives −3D ij = E ij [3] . I will also assume d ′ = 2d. This is taken here as a purely phenomenological assumption, but it is hoped that it will find a group theoretical explanation, analogous to the idea proposed in ref. [3] , in a complete GUT involving some generation symmetry. I want to stress once again that my goal here is to find simple relations that give successful phenomenological predictions, which can be used as a guide for constructing realistic models, rather than to find an explicit realization of the ansatz . Using the freedom to redefine the fermion phases, the ansatz of eq. (2) now becomes:
(3) In eq.(3), a, b, c, d, f, φ are 6 real parameters which will be used to compute the fermion masses and mixings, thus providing us with 7 predictions. Notice that without the requirement that U, D, and E are Hermitian, one would find two independent phases in eq.(3). As an alternative to the hermiticity condition, I could have imposed different relations among the phases in order to get rid of the extra parameter.
The ansatz in eq.(3) has to be run down to the weak scale. The Yukawa coupling constants satisfy the one-loop renormalization group equations:
where t = log µ, and µ is the renormalization scale, and
Finally, the g i are the gauge coupling constants which satisfy the one-loop renormalization group equations:
and the coefficients c In order to solve eqs.(4-6), I first redefine the quark fields so that the Yukawa matrices transform as:
with K chosen such that U ′ is diagonal. Neglecting in eqs.(4-6) all nonleading terms in Yukawa couplings different from that of the top quark, I find:
The solutions of eqs.(10-12) are:
where
and the initial condition is t 0 = log M X . These integrals can be performed with the help of eq. (8) to obtain:
Thus the Yukawa coupling matrices renormalized at the weak scale µ are given by:
where U, D, E are the matrices at M X given by the ansatz in eq.(3). The matrix K, defined in eq.(9), is given by:
Since U R is already diagonal, the Cabibbo-Kobayashi-Maskawa matrix is simply given by the matrix V , such that 
where c 1 ≡ cos θ 1 , s 1 ≡ sin θ 1 , etc. The 7 predictions of the ansatz in eq. (3) are:
where ξ = [1 − (3m supersymmetry breaking scale is taken to be equal to µ (=m t ), and threshold effects due to the supersymmetric particle spectrum have been neglected. The numerical predictions following from eqs. (24-30) , as a function of m t and ξ (or, equivalently, m t and tan β) are contained in table 2, with the details of the input values illustrated in the table caption.
A correct prediction of the bottom quark mass constrains 2 ξ = 0.81±0.02, and therefore the ratio of Higgs vacuum expectation values must satisfy:
The condition tan β > 1, usually required by the electroweak breaking mechanism in supersymmetric models, provides a lower bound for the top quark mass of about 125 GeV. An upper bound of about 170 GeV is obtained by requiring that the prediction for m u is consistent with the result from chiral perturbation theory and QCD sum rules (m u = 5.1 ± 1.5 MeV [4] ), after errors on m c and ξ have been taken into account. Note that because of the upper bound on m t , eq.(31) gives tan β < 3 and therefore the approximation of neglecting the Yukawa coupling for the bottom quark in the solution of the renormalization group equations is justified.
As it is apparent from table 2, all the predictions are in good agreement with the experimental results, for ξ = 0.81 and m t in the range 125-170 GeV. In particular, the Cabibbo angle, which has been measured to one part in a hundred, and m s /m d , which is precisely determined from second order chiral perturbation theory [5] , are successfully predicted in terms of only lepton masses.
Notice that the phase φ does not appear in eqs.(24-30). The CP violation effects of the Cabibbo-Kobayashi-Maskawa matrix are then determined in terms of a new free parameter, φ. The parametrization-invariant CP violating quantity
is given by
where the numerical values from table 2 have been used andξ ≡ ξ/0.81.
In conclusion, I have proposed a new ansatz for quark and lepton mass matrices, remnant of some unspecified supersymmetric GUT, much in the same spirit of ref. [2] . This ansatz , eq.(3), involves 6 free parameters and therefore leads to 7 predictions. These are listed in eqs.(24-30) and compared with experimental results in table 2. The striking agreement between predictions and experiment suggests that eq.(3) may have something to do with the theory of fermion mass generation.
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